Objective: To evaluate the frequency and clinical spectrum of the recently identified p.D620N mutation in the VPS35 gene in Parkinson disease (PD) in an international sample.
R
ECENTLY, THE P.D620N MUtation in the gene vacuolar protein sorting 35 (VPS35) was identified as a novel cause of autosomal dominant Parkinson disease (PD) in 2 independent studies in a Swiss and an Austrian family using exome sequencing. 1, 2 Screening of approximately 5200 unrelated patients and approximately 5600 controls of different ethnic backgrounds revealed 6 index patients with the p.D620N mutation, including 1 patient with sporadic PD.
Mutation carriers presented with tremor-predominant, asymmetric PD and levodopa responsiveness. 3 Age at onset ranged from 40 to 68 years. 1, 2 To further elucidate the role of the VPS35 mutation, we screened an international sample of patients with PD for p.D620N and performed a comprehensive clinical assessment of mutation carriers.
METHODS
Unrelated patients with PD were consecutively collected from tertiary referral centers in Lü beck, Germany; Belgrade, Serbia; and Santiago, Chile. In addition, samples from the Neuroprotection Exploratory Trials in Parkinson's Disease (United States) study were included ( Table 1 ). All subjects gave written informed consent, underwent a neurological examination, and fulfilled UK Brain Bank diagnostic criteria (with the exception that a positive family history was not an exclusion criteria). The sponsors did not influence the design and conduct of the study.
Sequencing of exon 15 was performed as described. 2 Screening of controls was not performed given that p.D620N has been previously excluded in more than 5000 controls (including 2248 German or Austrian controls). 2 Haplotype analysis in the VPS35 region was carried out as reported. 1 Prior to this study, the mutation carrier had tested negative for mutations in Parkin
4
, DJ-1, and PINK1 as well as for selected mutations in SNCA and LRRK2. Transcranial sonography was performed as described. 6 Cerebral magnetic resonance imaging and an electroencephalogram were also obtained.
RESULTS
Of the 1774 patients screened, 1 German patient was identified with the p.D620N (c.1858GϾA) mutation. No other variant was detected.
The mutation carrier was a 60-year-old man with the initial symptom of a tremor involving the toes of the left foot at the age of 45 years. Twelve months later, he commenced treatment with levodopa/benserazide, 300 mg/d, cabergoline, and selegiline, with a good clinical response. Left leg tremor continued to be his most troublesome concern for several years until it progressed to involve the upper limbs. By age 58 years, he had a rapid decline in his mobility with marked gait impairment that improved following self-dosing with levodopa above the earlier-prescribed doses. His current medication regimen includes a daily dose of a 6-mg rotigotine patch, 300 mg of tolcapone, and 1 g of levodopa (levodopa dosing about every 3 hours). At age 46 years, he also developed restless legs syndrome. He has had impulse control behaviors (hypersexuality and pathological gambling) over the last 5 years probably related to dopamine-agonist therapy.
On clinical examination at the age of 60 years, the patient had evidence of rigidity, rest tremor, bradykinesia, and postural instability. Motor fluctuations were apparent with peak-dose dyskinesias while subjectively "on" and marked gait impairment and freezing during the subjective "off" state. Profuse hyperhidrosis was present with no other features of dysautonomia. There were no oculomotor, cerebellar, or corticospinal tract signs. Although his MMSE scores remained normal, his MoCA score revealed a cognitive deficit chiefly affecting memory. Smell was also impaired ( Table 2) .
Transcranial sonography did not reveal substantia nigra hyperechogenicity on the left side, while the bone window of the right side was insufficient. The cerebral magnetic resonance imaging and electroencephalogram were normal.
The patient has 6 siblings, all reportedly unaffected ( Figure) . His father (II:1) developed PD in his late 40s and dementia in his late 70s. His paternal aunt (II:4) had PD with disease onset as lower limb tremor in her 60s. She received deep brain stimulation, which gave little benefit but was complicated by dysarthria. His paternal uncle (II:3) and grandfather (I:1) have also received a diagnosis of PD. Genetic analysis of the extended family revealed that the affected paternal aunt and 3 of the ap- parently unaffected siblings also carried the mutation. The proband's relatives were not available for clinical assessment. The mutation-bearing haplotype was identified (Figure) .
COMMENT VPS35 is a component of the retromer complex, which mediates retrograde transport of transmembrane proteins from endosomes to the trans-Golgi network. 7 Mutations in VPS35 may result in impaired cargo recognition and binding, leading to defective receptor recycling. autosomal dominant PD, the p.D620N mutation of VPS35 has a lower frequency than LRRK2 mutations 4 and probably has a similar frequency to missense mutations in SNCA. 8 Screening of the remaining exons of VPS35 could also be considered. The p.D620N mutation seems to be a mutational hotspot and may be the only diseaseassociated variant in VPS35 since screening of all exons of VPS35 in more than 1000 patients did not reveal any other mutation with clear pathogenicity. 1, 2 To our knowledge, the index patient is the first identified p.D620N mutation carrier from Germany and had young-onset (Ͻ50 years) PD. The phenotype resembled the idiopathic form of the disorder with asymmetry and levodopa responsiveness. However, leg tremor as the initial symptom (that was also found in his aunt) occurs in only 2% of patients with pathologically confirmed idiopathic PD but may also be more frequent among carriers of LRRK2 mutations. 9 The progression of the disease in the German patient appears to be consistent with idiopathic PD. 10 Genetic testing of the proband's family confirmed that the mutation cosegregates with disease in affected family members. The identification of several apparently unaffected mutation carriers (age range, 54-62 years) is consistent with previous reports that the mutation has incomplete, age-associated penetrance.
1,2 Haplotype analysis underlines recurrent mutational events of this mutation since there was no shared haplotype with previously reported cases 1 ( Figure) . Evidence has emerged of a link between retromer complex dysfunction and Alzheimer disease etiology, 7 prompting interest in the cognitive function of VPS35 mutation carriers. Interestingly, in the Swiss kindred, 2 affected subjects developed dementia several years after disease onset. 3 The German patient's MoCA score would be consistent with mild cognitive impairment. Although the MMSE score was normal, MoCA is superior to MMSE in discriminating between patients with PD who have mild cognitive impairment and those who have normal cognition.
11 Notably, about 25% of patients with idiopathic PD without dementia can be classified as having mild cognitive impairment. 12 Further studies are necessary to determine whether dementia is more prominent among patients with PD and VPS35 mutations.
It is curious that the transcranial sonography did not reveal abnormal echogenicity of the substantia nigra, as this is found in 90% of patients with idiopathic PD. 13 Similarly, hyperechogenicity was also absent in patients with PD and mutations in ATP13A2. 6 Given that the nature of the pathological substrate leading to the abnormal echogenicity is unknown, it is difficult to draw any pathophysiological inferences from this finding.
In conclusion, there is compelling evidence that mutations in the VPS35 gene are a rare cause of PD with a phenotype resembling the idiopathic form of this disorder. Pathological and functional studies are now required to determine the role of VPS35 mutations in the pathogenesis of PD and to further elucidate the link with Alzheimer disease.
